Objectives. The aim of this study was to identify subgroups in terms of adaptation to FM and to test differences in FM severity between these subgroups.
Introduction
FM is a heterogeneous and poorly understood disease [13] . The first diagnostic criteria for FM, launched by the ACR, focused on chronic widespread pain [4] . The modified 2011 preliminary criteria additionally included cognitive symptoms, unrefreshed sleep, fatigue and several somatic symptoms [5] . Thus, the clinical picture of FM might be now even more heterogeneous than two decades ago.
FM is frustrating [2] , among other reasons because there is no uniform treatment that significantly and in the long term reduces its impact [6] . Therefore, to study modifiable factors that are associated with better outcomes in FM is of interest [7, 8] . Considering that there is no cure, it is adaptation to FM that is strived for. Adaptation reflects a dynamic process to healthily rebalance to new circumstances by maintaining appropriate psychological and physical functioning [9] . Traditionally, efforts were focused on maladaptive responses (vulnerability factors), such as catastrophizing. However, understanding factors that are related with long-term adaptive responses (resilience factors) is also essential in adaptation to FM [7, 10] , for instance, positive affect.
The most recent recommendations for the management of FM involve a stepped approach that is tailored to the specific needs of the individual [6] . To suggest and evaluate tailored therapies, insight into heterogeneous profiles of patients is needed [11] . Obtaining a comprehensive understanding of FM subgroups requires multiple assessments of modifiable (could be targeted in therapy) resilience and vulnerability factors, measured by objective and subjective assessments, related to psychological and physical function, especially since in this population there is a discordance between objective measurements (what is observed in performance-based tests) and the patient's subjective appraisal (how people feel) when psychological or physical function is assessed [1214] . Only a few previous studies, conducted with low sample sizes of 57 [15] and 107 [16] , examined FM profiles using objective measurements; one study included physical performance measures [15] and the other biomedical measures [16] . However, to date most of the suggested profiles have not included objective measurements [1725] .
Therefore, the aims of the present study in patients with FM were (i) to define subgroups in terms of adaptation profiles and (ii) to test differences in FM severity between these subgroups, in order to tentatively gain insight into their clinical meaningfulness.
Methods

Participants
Detailed description of the methods and sampling procedures followed are provided elsewhere [26] . Briefly, participants were recruited mainly via FM associations from the eight provinces of Andalusia (southern Spain). Additional participants were recruited via e-mail, letter, telephone and mass-media advertisements. All interested participants (n = 646) gave their written informed consent after receiving detailed information about the study aims and procedures. The al-Á ndalus project was reviewed and approved by the Ethics Committee of the Hospital Virgen de las Nieves (Granada, Spain); registration number: 15/ 11/2013-N72. The ethical guidelines of the Declaration of Helsinki (modified in 2000) were followed.
Measures
The Mini-Mental State Examination [27] was used to assess the presence of severe cognitive impairment (exclusion criterion). Participants with scores <10 were excluded. A standard sociodemographic questionnaire was completed by the participants, including the question, 'Have you ever been diagnosed with an acute or terminal illness?' (an exclusion criterion). Current pain intensity was assessed on a 10-cm visual analogue scale. The Beck Depression Inventory-II [28] was used to assess depression. Bioelectrical impedance (InBody R20; Biospace, Seoul, South Korea) measured body fat (%) and muscular mass.
A physical examination of the tender points with algometry was conducted, according to the 1990 ACR criteria for classification of FM [4] . This was done to confirm the diagnosis of FM and obtain an 'algometer score' (sum of the minimum pain-pressure values obtained for each tender point). The 36-item Short-Form Health Survey (SF-36) [29] was used to assess physical functioning, physical role, bodily pain, general health, vitality, social functioning, emotional role and mental health.
General fatigue, physical fatigue, mental fatigue, reduced activity and reduced motivation were assessed using the Multidimensional Fatigue Inventory [30] . The Pittsburgh Sleep Quality Index (PSQI) questionnaire [31] , Sedentary Behaviour Questionnaire [32] , State Trait Anxiety Inventory-S [33] , Satisfaction With Life Scale [34] and Trait Meta-Mood Scale-24 (emotional repair subscale) were used to assess sleep quality (PSQI global score), subjective sedentary time, current anxiety, satisfaction with life and emotional repair, respectively.
Participants' believed ability to manage pain, cope with symptoms and function physically was assessed using the Chronic Pain Self-efficacy Scale [35] . The Pain Catastrophizing Scale [36] was used to assess rumination, magnification and helplessness. The Life Orientation Test Revised [37] was used to assess optimism and pessimism.
The Positive and Negative Affect Schedule [38] was used to assess positive affect and negative affect. The International Fitness Scale [39] was used to subjectively assess cardiorespiratory fitness, muscular strength, speedagility and flexibility. The Leisure Time Physical Activity Instrument [40] and Physical Activity at Homework or Workplace Instrument were used to subjectively assess light, moderate and vigorous physical activity. The Revised Fibromyalgia Impact Questionnaire (FIQR) [41] was used to assess FM impact (FIQR total score). The modified 2011 preliminary criteria questionnaire [42] was used to confirm the diagnosis of FM and obtain scores of polysymptomatic distress. The Paced Auditory Serial Addition Task (PASAT) [43] and Rey Auditory Verbal Learning Test (RAVLT) [44] were used to measure working (correct answers, not answered and wrong answers) and declarative (immediate memory, verbal learning, free recall and delayed recognition) memory, respectively.
The Senior Fitness Test battery [45] was used to objectively measure physical fitness by the following tests: the 30-s chair and stand, arm curl, chair sit-and-reach, back scratch, 8-foot up-and-go and 6-min walk tests. Triaxial GT3X+ accelerometers (Actigraph, Pensacola, FL, USA) were used to objectively measure sedentary time as well as light, moderate and vigorous physical activity (for further details, [8] ).
Procedure
Assessments were conducted over three consecutive days. On day 1, participants were interviewed using the Mini-Mental State Examination and completed sociodemographic data, clinical data (including current pain intensity) and the Beck Depression Inventory-II. Then, measurements of body composition and tender points were made. Subsequently, participants received several questionnaires to be completed at home on day 2. On day 3, participants returned the questionnaires and performed the PASAT, RAVLT and Senior Fitness Test. Afterwards, participants received the accelerometer to be worn for 9 days.
Statistical analyses
A higher order principal axis factor analysis with oblimin rotation was conducted to reduce the number of variables. Variables whose loadings were either <0.40 on all factors or >0.32 on at least two factors [46] were excluded in factor analysis. The decision about the number of factors was based on inspection of the scree plot [46] and heuristic interpretation of the factors.
To compute factor scores, standardized z-scores were computed for the score of each participant at each variable using the mean (S.D.) of the total sample as reference values: z = (score À mean)/S.D.; those variables in which higher scores represent worse health status (e.g. catastrophizing) were inverted; and factor scores were calculated by averaging z-scores of variables included in the same factor. As a result higher factor scores indicated better health status. Internal consistency of factors was analysed by Cronbach's a.
Using factor scores, a hierarchical cluster analysis with Ward's method was conducted to identify the optimal number of clusters (profiles) of participants. Visual inspection of the dendrogram was done to indicate the number of clusters that should be considered. Next, an optimization clustering (i.e. k-means cluster analysis) was performed to parsimoniously allocate participants to clusters. The number of clusters was decided by practical considerations (the least frequent cluster should include a minimum of 15% of the total sample [22] ) and by heuristic interpretability of mean factor scores within clusters [47] . By using this combination of interpretability and hierarchical and k-means cluster analyses, the developed cluster solution minimizes the within-group variability and maximizes the betweengroup differences [48, 49] .
Differences between profiles (independent variable) in categorical and continuous data (dependent variables) were analysed by a series of chi-square tests or one-way analysis of variance (ANOVA), respectively. Significance of the chi-square test was based on the z-scores of the difference between observed and expected frequency; a z-score >j1.96j was considered significant [50] . Post hoc analysis to test the significance of ANOVA pairwise comparisons was performed using the StudentNewmanKeuls test. For FM impact and polysymptomatic distress, we calculated an effect size using Cohen's d (standardized mean differences) to compare the most favourable and the most unfavourable profiles (using the mean and S.D. of these two profile subgroups). Cohen's d values were interpreted as small (0.2), medium (0.5) or large (0.8) effects. Analyses were performed using SPSS Statistics for Mac version 20.0 (IBM Corp., Armonk, NY, USA) and the level of significance was set at P < 0.05.
Results
From 646 interested participants, 88 were excluded because they did not have a previous FM diagnosis (n = 39), did not fulfil FM diagnosis on either the 1990 ACR criteria or the modified 2011 preliminary criteria (n = 47), or had an acute or terminal illness (n = 2). Of the remaining 558 participants, 486 participants that completed all the assessments were included in the present study; their characteristics are showed in Table 1 ('All participants' column). Participants with and without missing data (n = 72 and 486, respectively) did not differ in terms of sociodemographic and clinical characteristics with only one exception: people in the group without missing data were more often married (75% vs 64%).
Before conducting exploratory factor analysis, the score distributions of the variables were checked. Three variables showed skewed distributions (skewness > 2 [50] ): the 8-foot up-and-go test, objective vigorous physical activity and subjective vigorous physical activity. Data transformations did not solve this skewness, and consequently, these variables were not included in factor analysis. Multicollinearity, r > j0.80j [50] , between variables obtained from a same instrument were observed for the PASAT (not answered and correct answers, r = À0.88) and RAVLT (immediate memory and verbal learning, r = 0.98). Therefore, PASAT not answered and RAVLT immediate memory were not included in factor analysis. After excluding those variables with skewness or multicollinearity, the Kaiser MeyerOlkin measure of sampling adequacy was 0.9 indicating that the patterns of correlations are relatively compact [50] . Bartlett's test of sphericity was significant www.rheumatology.oxfordjournals.org ( 2 = 11 630.0, P < 0.001) indicating that variables were (overall) significantly correlated [50] . Additionally, our data lacked bivariate outliers as indicated by Cook's distances (all <1.0) [47] . Considering the large sample size, the quite normal score distributions of included variables, Cook's distances that suggested linear relations without bivariate outliers, and KaiserMeyerOlkin and Bartlett's tests that indicated factorability (adequate correlation patterns), our data reasonably met the assumptions of exploratory factor analysis.
The scree plot suggested a solution between four and eight factors. On grounds of factor interpretability, we considered the eight-factor solution as the best solution; the seven-factor solution yielded a factor that involves subjective physical fitness and fatigue, while the eight-factor solution split them into two different factors.
Twenty-one variables were not included in the factor solution because their factor loadings were either <0.40 on all factors or >0.32 on at least two factors [46] . As a result, we obtained factors that were robustly different from each other. Table 2 shows the 31 variables that were included in the eight factors and the appropriateness of internal consistency of these factors (all Cronbach's a > 0.70). For further information, see supplementary Table S1 , available at Rheumatology Online, where a pattern matrix of factor loadings is shown.
Visual inspection of the dendrogram resulting from hierarchical cluster analysis indicated that two-, three-or fivecluster solutions should be considered. The dendrogram is shown in supplementary Fig. S2 , available at Rheumatology Online. Interpretation of the cluster means after k-means cluster analysis suggested a five-cluster solution as follows: Adapted (n = 77, 16%), Fit (n = 90, 18%), Poor performer (n = 95, 20%), Positive (n = 97, 20%) and Maladapted (n = 127, 26%). Figure 1 illustrates the mean factor scores at the five profiles, whose scores are compared in Table 3 . The Adapted profile showed markedly favourable (z-scores 5 0.75) psychological distress, resilience, catastrophizing, fatigue and subjective physical fitness, and favourable (0.25 4 z-scores < 0.75) declarative memory, active lifestyle and objective physical fitness. The Fit profile was characterized by favourable declarative memory, active lifestyle and objective physical fitness. The Poor performer profile showed average scores (À0.25 < z-scores < 0.25) on all factors except for declarative memory and objective fitness, which were markedly unfavourable (z-score4-0.75) and unfavourable (-0.75<z-scores4-0.25), respectively. The Positive profile showed favourable scores on psychological factors (except average on resilience and markedly favourable on catastrophizing) and average scores on physical factors (except unfavourable scores on active lifestyle). The Maladapted profile was characterized by unfavourable scores on most of the factors, with markedly unfavourable scores for resilience and catastrophizing, and average scores for declarative memory. Table 1 shows the characteristics of the participants in the five profiles. Significant differences emerged in age, education level, working status and fulfilment of the FM criteria; all P 4 0.006. Post hoc comparisons indicated that Poor performer and Fit profiles were the oldest and the youngest groups, respectively (P < 0.001). Poor performer profile included more people with unfinished studies and fewer with a university degree while the contrary was observed in the Positive profile (P = 0.002). People grouped in the Fit profile were more prone to be workers and not to be in a work incapacity or sick leave state, while people in the Maladapted profile were less prone to be workers (P < 0.001). Regarding clinical data, in the Adapted profile there was an increased percentage of people that met the 1990 ACR criteria but not the modified 2011 preliminary criteria; in contrast the Maladapted profile included fewer people who only met the 1990 ACR criteria (P < 0.001).
ANOVA showed that profiles were significantly different in FM impact and polysymptomatic distress; F(4, 481) = 65.50 and F(4, 481) = 17.07, both P < 0.001. Figure 2 illustrates post hoc comparisons between profiles. Overall, Adapted and Maladapted profiles showed the lowest and highest FM severity, respectively. Effect sizes of the mean differences between Adapted and Maladapted profiles were large for FM impact and polysymptomatic distress; Cohen's d (95% CI) was 2.50 (2.13, 2.87) and 1.25 (0.95, 1.56), respectively.
Discussion
The present study provided a comprehensive understanding of FM heterogeneity by including modifiable resilience and vulnerability factors, measured by objective and subjective assessments, related to psychological and physical function in a large sample of FM patients that fulfil different criteria of FM diagnosis. Five profiles emerged: Adapted, Fit, Poor performer, Positive and Maladapted. Significant differences in FM severity were observed between these adaptation profiles.
One rationale underlying our choice of variables was that resilience and vulnerability factors are fundamental in FM [7, 10] . Inclusion of such factors leads us to a more comprehensive characterization of FM profiles. For instance, previous research showed that levels of psychological distress are key to distinguishing between the most favourable and unfavourable profiles [19, 20] . The present study indicates that successful adaptation to FM not only involves the mere absence of negative signs but also high levels of emotional repair, positive affect and optimism. Among resilience factors, the beneficial role of positive affect was particularly supported in adaptation to FM Higher scores reflect better adaptation for all the factors. Thus higher scores reflect lower fatigue, psychological distress and catastrophizing as well as higher declarative memory, active lifestyle, resilience, objective fitness and subjective fitness.
FIG. 1 The five FM profiles comprising eight factors (n = 486)
Higher z-scores reflect better adaptation for all the factors. Thus higher z-scores reflect lower psychological distress, catastrophizing and fatigue as well as higher resilience, declarative memory, active lifestyle, objective fitness and subjective fitness.
[7, 10]. Additionally, catastrophizing was markedly low in our Adapted and Positive profiles. Catastrophizing also emerged as a distinctive factor among FM profiles in previous studies [3, 51, 52] . Resilience factors were a distinguishing feature in our study. Additionally, cognitivebehavioural approaches increasing helpful thoughts and activities that bring pleasure and satisfaction were shown to be successful [53] . Therefore, it is valuable to include resilience factors when pursuing information about adaptation to FM. Our study corroborated the agreed key roles of the psychological [3, 1720, 51] and physical [17, 18, 51] function in FM. Previous research reported similar profiles to our Adapted [3, 17, 51] , Positive [17] and Maladapted [3, 1722, 51, 52] profiles. Inclusion of objective and subjective data was a distinguishing feature of our study, only performed in two previous studies with smaller sample sizes: n = 57 [15] and n = 107 [16] . The Maladapted profile showed unfavourable scores on all measures but not in declarative memory performance. This may reflect the same as a previous study demonstrating that subjective appraisal of memory rather than cognitive performance is related to adaptation to FM [13] . Moreover, our results suggest that cognitive performance deficits are specific to the Poor performer profile instead of a common feature of FM [13, 26] . Finally, also the Fit profile with relatively more favourable performance scores than subjective scores suggested the usefulness of distinguishing between objective and subjective scores. To summarize, inclusion of objective and subjective assessments of psychological and physical function yield information supplementary to previous profile studies. Specifically, inclusion of objective measurements helped us to further characterize profiles already suggested previously (Adapted, Positive and Maladapted), and to find new profiles (Fit and Poor performer).
Although the profiles were determined based only on modifiable factors, the patients that were included in the profiles also reflected differences in hardly or non-modifiable characteristics (i.e. age, education level and working status). For instance, Fit and Poor performer included more younger and older patients, respectively. Additionally, patients included in profiles also differ in the fulfilment of the FM criteria (i.e. clinical data). In the Adapted profile there was an increased percentage of people meeting the 1990 ACR criteria but not the modified 2011 preliminary FM criteria, while this percentage was decreased in the Maladapted profile. This suggests that the change in focus of the criteria from pain towards a broader view on multiple symptoms and features of FM [24] may lead to an inclusion of more patients with a Maladapted profile. Additionally, our profiles, overall, reflected a continuum in adaptation to FM, with the Adapted and Maladapted profiles located at the opposite ends, which is in agreement with previous literature [18, 20, 21, 23, 51] , and with Fit, Poor performer and Positive profiles showing averaged scores on FM severity. This finding was consistent for FM impact and polysymptomatic distress, which suggests the clinical meaningfulness of our profiles in terms of adaptation.
Our profiles were based on eight factors that included a total of 31 variables. Obviously, it is not possible to assess all variables in the limited time that clinicians have in their daily practice. Ideally, one assessment of each factor should be taken. A very brief assessment of profiles could be to only assess catastrophizing (with the Pain Catastrophizing Scale that includes 13 items) and the 30-s chair stand test (a fast and easy test that only www.rheumatology.oxfordjournals.org requires 30 s to be performed). The factors catastrophizing and objective fitness showed the highest internal consistency, and differentiated quite well between the five clusters: markedly favourable catastrophizing and favourable physical performance for Adapted, average catastrophizing and favourable physical performance for Fit, average catastrophizing and unfavourable physical performance for Poor performer, markedly favourable catastrophizing and average physical performance for Positive, and markedly unfavourable catastrophizing and unfavourable physical performance for Maladapted. Research is required to empirically assess the heuristic inference that catastrophizing and the 30-s chair stand test provide an adequate reflection of the five clusters.
A core starting point of our study was that the profiles of the present study were based on modifiable factors (susceptible to targeting with therapies). Although clinical implications of these results need longitudinal and clinical experimental research, the results suggest that therapies might be tailored to the different profiles in FM [54] . Our profiles seem to indicate that it is especially important to improve the poor psychological function of patients with Fit and Maladaptive profiles, and to enhance the deteriorated physical function of people allocated in Positive, Poor performer and Maladapted profiles. Therefore, monotherapy (for Fit and Positive) or multi-component therapy (for Maladapted) may be indicated for different profiles. The worrisome cognitive performance deficit observed in Poor performer profile patients should be targeted in therapy. There is strong evidence of the effectiveness of physical exercise on FM symptoms [6] . Cognitive-behaviour therapy seems to be a most promising psychological approach to this disease [6] . The, at first glance, positive adaptation to FM of 16% of the sample (Adapted profile) seems to be a particular challenge. It would be interesting to test whether this subgroup differs from the general population to determine potential daily recommendations for patients allocated in such a profile. Keeping a healthy and positive lifestyle and attitude appears indeed the best way of dealing with FM. Consequently, future research should examine the inference from the current study that patients with specific adaptation profiles fit better to specific therapies.
In particular two limitations of the present study must be acknowledged. Its cross-sectional design impedes determination of causal relationships and we did not include a replication sample. Further research using longitudinal and clinical experimental designs and replicating our profiles in other samples is warranted. This study also has strengths. A large sample of FM patients was included. We performed an in-depth characterization of the clinical picture of FM including resilience and vulnerability factors, measured by objective and subjective assessments in a large sample, which is unique in regard to the literature.
To conclude, the present study suggests that heterogeneity of FM can be specified using a number of modifiable (could be targeted in therapy) resilience and vulnerability (adaptive and maladaptive) factors, measured by objective and subjective assessments, related to psychological and physical function. Five clinically meaningful profiles were found that seem to be on a continuum of symptom severity from Adapted (the most favourable) to Maladapted (the most unfavourable). Future research should aim to replicate our profiles in other samples, examine whether these profiles are predictive of health outcomes in longitudinal observational studies, analyse whether the effectiveness of interventions is different across these profiles and design profile-specific interventions.
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